Our appreciation of the marine ecology of seabirds, as opposed to their nesting ecology and behavior, began with scientists such as Jespersen and WynneEdwards in the Atlantic and Murphy in the Pacific. Working in the early part of the 20th century, all identified patterns in seabird distributions at sea. Wynne-Edwards (1935) proposed classifying seabirds into coastal, off-shore, and pelagic groups based on his observations in the North Atlantic. Jespersen (1924) collected information on plankton and seabirds on research cruises in the Atlantic; he noted a relationship of birds with distance to land but also postulated that some of the variation in seabird distribution he observed was related to variation in food resources. Murphy, working in the Pacific basin, went to coastal South America and in addition participated in several cruises to the adjacent Southern Ocean aboard whaling vessels; he was seeking to provide context to the multitude of specimens residing in major museums, particularly the American Museum of Natural History (AMNH) that employed him and still has one of the largest collections of seabird specimens in the world. Also available to him were the field notes and specimens amassed by Beck who, after being commissioned by the California Aca demy of Sciences and AMNH, ventured ABSTRACT: We review the history of how research directed towards marine ornithology has led to an appreciation of seabirds as highly specialized marine organisms. Beginning with R. C. Murphy (Pacific), V. C. Wynne-Edwards (Atlantic), and associates in the early 1900s, the research approach grew from an emphasis on seabird single-species ecology to an appreciation of interacting species assemblages and finally to seabirds being considered as important components of marine food webs. After a slow, drawn-out beginning, the initial main impetus for developing the field was a need to map seabird abundance and distribution tied to understanding impacts of continental shelf resource exploitation. Coalescing during the 1970s to 1980s to facilitate this line of research were 6 factors: (1) ability to identify birds at sea; (2) standardization of techniques to quantify abundance; (3) resources and techniques for mapping; (4) appreciation of how scale affects seabird relationships to hydrographic features and patchy prey; (5) development of computing power and appropriate statistics; and (6) seabird biologists becoming embedded in, as well as organizing, multidisciplinary marine research projects. Future advances in understanding the role of seabirds in marine food webs will be made by seabird biologists participating in multidisciplinary projects using grid-like surveys relative to oceanographic features in combination with instrumentation that reveals the finer details of seabird foraging behaviors.
THE FOUNDATIONS
Our appreciation of the marine ecology of seabirds, as opposed to their nesting ecology and behavior, began with scientists such as Jespersen and WynneEdwards in the Atlantic and Murphy in the Pacific. Working in the early part of the 20th century, all identified patterns in seabird distributions at sea. Wynne-Edwards (1935) proposed classifying seabirds into coastal, off-shore, and pelagic groups based on his observations in the North Atlantic. Jespersen (1924) collected information on plankton and seabirds on research cruises in the Atlantic; he noted a relationship of birds with distance to land but also postulated that some of the variation in seabird distribution he observed was related to variation in food resources. Murphy, working in the Pacific basin, went to coastal South America and in addition participated in several cruises to the adjacent Southern Ocean aboard whaling vessels; he was seeking to provide context to the multitude of specimens residing in major museums, particularly the American Museum of Natural History (AMNH) that employed him and still has one of the largest collections of seabird specimens in the world. Also available to him were the field notes and specimens amassed by Beck who, after being commissioned by the California Aca demy of Sciences and AMNH, ventured into the waters off California, around the Galapagos, and elsewhere in South (and North) America, by hitching rides on fishing vessels or rowing his dory well off the coast (see, for instance, Beck 1910). Murphy's summary of the 1000s of his, Beck's, and others' specimens and their marine context can be found in the 2-volume treatise, 'The oceanic birds of South America' (Murphy 1936) . In these 2 volumes, discussing the waters and their avifauna surrounding South America (including the Atlantic, Pacific, and Caribbean basins, as well as the Southern Ocean), Murphy introduced seabird aficionados to oceans that are partitioned by fronts into water masses, each with a characteristic seabird species assemblage and overall seabird density. This treatise by Murphy constituted the first synthesis of seabird ecology, having 31 pages of references, citing works dealing with all oceans (including work in the North Atlantic by Jespersen 1929 and Wynne-Edwards 1935) . Pocklington (1965) found application of Murphy's findings to the delineation of species assemblages by water mass in the Indian Ocean, as since have others elsewhere in the world ocean (e.g. Bourne & Warham 1966 in understanding occurrence patterns of Macronectes). Insights into Murphy's at-sea experience can be found in 'A log-book for grace: whaling ship Daisy, 1912−13', written well after his ocean traveling was completed (Murphy 1965) .
Almost 4 decades later, Ashmole (1971) summarized what was known about seabirds near to island shores, in a book chapter entitled 'Seabirds and the marine environment,' based on his work in the 1960s. Ashmole's classification of seabird foraging methods is still in use today. Otherwise, studies of seabird marine ecology were given little attention until the 1970s when the designation of Exclusive Economic Zones (EEZs) by coastal countries and a push to develop petroleum resources became constrained by legislation such as the US National Environmental Policy Act of 1970. Due to that legislation, environmental impact assessments for activity on federal lands (in this case, the continental shelf) were required. At that point, surveys of the coastal ocean were needed to describe seabird abundance and distribution, and the 'golden age' of at-sea studies of seabirds began (Appendix 1). Though not propelled by legislation, efforts in other countries also led to seabird assessments and atlases elsewhere at this time (M. L. Tasker pers. comm.; Appendix 1).
Not only with these ship and airplane surveys did we begin to learn about seabirds at sea, but in the process marine ornithology added community ecology, i.e. the description of recurring species assemblages and species associations, to its otherwise largely autecological emphasis. Grid-like and transect-driven survey efforts continued for a few decades, branching eventually into a few studies of actual seabird interactions with prey and ocean (not just atlases of horizontal distribution). Then in the late 1990s and 2000s, with the maturation of technology such as satellite, global locating system (GLS), and global positioning system (GPS) tracking and miniaturization of devices enabling the recording of dive behavior, in conjunction with remote sensing of surface features, none of which requires going to sea, increasing numbers of seabird ecologists began a return to single-species studies. Seabird movements were now being plotted against remotely-sensed ocean properties, rather than being observed in the marine environment.
During the 'golden age' of at-sea studies, we learned a great deal about the place of seabirds in their true element: the ocean where they spend 90% of their existence and for the exploitation of marine re sources for which most of their morphology has evolved. Herein, we review this history in some detail, in part to complement the recent paper by Tremblay et al. (2009) . Those authors sampled the seabird literature and described various broad trends in marine bird research over the past several decades by using an electronic key-word search that included positional data and at least 1 environmental variable (e.g. sea surface temperature, SST).
FIRST ANALYSIS OF SEABIRDS AT-SEA STUDIES
The main findings of Tremblay et al. (2009) , analyzing trends based on frequency of papers discussing seabirds and spatial habitat features, including both indirect (instrument deployment from land) and direct (at-sea observation) efforts to understand seabird marine ecology, can be summarized as follows:
(1) Clumping studies by 5 yr bins beginning in 1970 and ending in 2005, it is evident that at-sea effort began slowly but in the most recent decades has accelerated. As a subjective, qualitative check, the frequency of our own papers involving direct at-sea work loosely paralleled the upward trend that Tremblay et al. (2009) described, although the increase was not as steep ( Fig. 1) .
(2) Marine research efforts were entirely shipbased up until the early 1970s, then added aerial surveys through 1990s. Thereafter, land-based instrument attachment became the preferred means to learn about seabird at-sea movements. (4) The habitat feature of choice is SST (25% of studies).
(5) To summarize and analyze results, statistical and spatial modeling of various types appeared in the 1980s, and is now the preferred tool used to understand seabird presence with respect to ocean features.
We note that 1 especially important topic not treated by Tremblay et al. (2009) is how the quantity, quality, and dispersion of prey affects seabird occurrence. This topic, though it treats seabirds as wholly marine organisms (e.g. Brown 1980) , is rarely investigated in most seabird 'marine' studies. Most of the latter operate under the assumption that seabirds are generalist predators and that physics and physical parameters explain enough about where the birds find food. This means that very few of the many papers by Hunt, Piatt, Spear, Veit, and their colleagues, investigating foraging behavior and diet from an at-sea perspective, and none of the papers by Nevitt, investigating multi-sensory foraging strategies including the role of olfaction, were included by Tremblay et al. (2009 Ballance et al. (2001 ) and, especially, Shealer (2002 .
FACTORS THAT SHED LIGHT ON THE RELATIONSHIP BETWEEN OCEANOGRAPHY AND SEABIRDS
To understand how we have learned about why sea birds occur where they do and what they are doing while there, one has to keep in mind the progression or evolution of research foci that began with studies investigating single species, or 'autecology,' to 'community ecology' (synecology), and finally to 'ecosystem ecology.' During the 1960s, before the period studied by Tremblay et al. (2009) , there was ample effort toward logging individual seabird species' occurrence on the ocean in terms of presence− absence and relative abundance. Many of these data gathered were from 'ships of opportunity' as is readily apparent in Tuck's (1980) book, 'A guide to sea birds on the ocean routes.' During that early period, the US National Museum of Natural History (USNMNH), funded by the US Army which was interested in birds as disease vectors, undertook an intensive investigation of seabird colonies throughout the South Pacific. The effort was called the Pacific Ocean Biological Survey Program (POBSP), headed by P. Humphries and J. Church, and it included the logging of birds seen on passages among the islands and not-to-interfere participation in fisheries and oceanographic research cruises. This resulted in several publications, the most notable being King's (1974) work, 'Pelagic studies of seabirds in the central and eastern Pacific Ocean,' composed of several chapters, some of them atlas-like, treating different species or species groups. Second to Murphy's work, this was a pioneering study. Earlier work by King (1970) was among the first in which seabird biologists participated in oceanographic research cruises.
The efforts of the 1960s were mainly descriptive. Much of the work involved biologists from non-western European or North American countries. In fact, the later peak and falloff among these studies exhibited in Fig. 1 was to a large extent due to the disintegration of the Soviet Republic; basic natural history research took a major hit as the USSR collapsed. As it was, we did not begin to understand why certain species occurred where they did until work in the 1970s 1970 1975 1980 1985 1990 1995 2000 2005 Number of publications looked at seabird distributions at sea in relation to weather patterns (Manikowski 1971 (Manikowski , 1975 and water masses (Brown et al. 1975 , Pocklington 1979 . In fact, the work by Brown et al. (1975) and Pocklington (1979) quantified the ideas of Murphy. Pocklington (1979) may have been among the first seabird papers to ever appear in a mainstream marine biology journal, now the norm for at-sea studies. From this period on, at least 6 coalescing paths of investigation have contributed to the evolution of seabird studies as we know them today. These 6 paths are discussed below.
(1) What bird is that?
In the 1960s and 1970s, crossing the oceans, one had to carry several kilograms of books, including Murphy (1936) , as 'field guides;' or at least one of us had to (D.G.A.; see Gill 1967 for a similar opinion). The best guides available were the 'Preliminary field guides' by King (1967) as well as Watson (1965) and Watson et al. (1963) of USNMNH (based mostly on specimens) written to assist the POBSP biologists, and the Peterson Field Guide series, which were useful only in coastal waters. Alexander's (1955; a much less useable version appearing in 1928) 'Birds of the ocean' was also important to include in one's at-sea library. It was not until the appearance of Harper & Kinsky's (1978) 'Southern albatrosses and petrels: an identification guide,' that we had the first seabird guide written by people who had actually spent a good deal of time at sea, and thus knew of the difficult viewing conditions typically experienced, in this case in waters around New Zealand and elsewhere in the Southern Ocean. Identifying birds at sea became possible without needing a library at sea! Their effort, as well as that of the qualitative data on seabird occurrence of the 1950s to 1970s, finally culminated in the 'bible' of seabird identification at sea, Harrison's (1983) 'Seabirds: an identification guide.' However, seabird identification is not static. The era of genetic analyses since the 1990s has led to the splitting of many 'species,' to which very able observers have been playing catch-up in order to identify field-visible identification characteristics (e.g. Robb et al. 2008 , Howell 2009 , Howell et al. 2010 . This revolution has led to discovering new ranges for species, sometimes bigger and unexpected (e.g. Bailey et al. 1989 , Pyle et al. 1993 , Brinkley et al. 2000 . A revised version of Harrison (1983) that reflects current taxonomies is now critically needed. The recent volume by Howell (2012) is now the standard to emulate.
(2) Techniques for collecting quantitative data
Until the paper by Tasker et al. (1984) , with some exceptions, seabird data were largely qualitative presence−absence with large birds, e.g. albatrosses, over-emphasized because they could be seen farther away than small birds, e.g. storm-petrels. After reviewing the previously used methods, Tasker et al. (1984) proposed a standardized technique of using well defined strips, i.e. 300 m wide, with search effort broken temporally into fixed time segments, i.e. 'snap shots.' The Southern Ocean BIOMASS effort sponsored by the Scientific Committee for Antarctic Research (SCAR) collected data in 10 min bins, 1 in each hour of ship transit, with reports coming from different sectors of the Southern Ocean (e.g. Abrams 1985, Ryan & Cooper 1989 , Bretagnolle & Thomas 1990 . These data were compiled into species maps, which when compiled became 'atlases' (see next section). It was not until the continental shelf oil development studies that continuous transects became more common, due to the use of aerial surveys (e.g. Briggs et al. 1987 ), but also used in ship-based ecological surveys as well, e.g. of the Ross Sea (Ross Ice Shelf Project, RISP; Ainley et al. 1984) and of the eastern tropical Pacific (EPOCS; Spear et al. 1995 .
It was recognized early on (e.g. Gould et al. 1982 ) that the issue of bird 'flux' needed to be statistically controlled because more birds are counted that are flying opposite to ship travel than those flying with the ship, and fast-flying species are over-counted relative to slow-flying ones or birds sitting on the water. The problem was identified by Tasker et al. (1984) , who proposed using the 'snapshot' approach to avoid this bias (also see Gould & Forsell 1989) . A further solution to correct for flux, based on bird and ship speed and direction, was proposed by Gaston & Smith (1984) , but correction for flux became more widely used as a result of Spear et al. (1992; also see Spear & Ainley 1997) . While there is still debate about the conditions under which one technique might be better than the other (e.g. continuous counts when seabirds are in low densities and snap-shot methods when there are high densities; also see van Franeker 1994) , both of these techniques led to higher precision of surveys. In particular, the use of at-sea data was used to estimate population size of burrowing species for which population estimation is difficult to accomplish (Clarke et al. 2003) ; this latter work to date is the only one that tested the agreement between at-sea census results compared to island-based censuses. Precision was also achieved by the development of line transect methodology (Burnham et al. 1980) , although the collection of distance and angle data precludes the use of this technique for species other than single, special-status species, such as marbled murrelets Brachyramphus marmoratus (Ralph et al. 1995 ; also see Tasker et al. 1984) or species standing on ice such as penguins (Southwell & Low 2009 ).
(3) Mapping at-sea seabird distributions
We touched on this briefly above in reference to the 'golden age' of at-sea studies. Huge resources were put into mapping seabird and other biota in areas where offshore oil development had been proposed. The studies were done before lease sales were held. Examples are the Outer Continental Shelf Assessment Project (OCSEAP) and the Programme Intégré pour le Recherche des Oiseaux Pélagiques (PIROP). Shelf waters could not be leased by governments to oil companies until environmental impact studies (EIS) were completed, and those could not be completed until the potentially affected biota were mapped. In fact, many seabird biologists were employed to do this, which in itself was a first, as before EIS requirements only university professors were paid, with their students, to conduct seabird studies as part of basic rather than applied research. The EIS effort relative to offshore oil development also led, in large part, to the founding of the Pacific Seabird Group.
The mapping needed in EISs led to the production of seabird atlases, which now cover much of North American and European coastal waters (Appendix 1). The first were those by Brown et al. (1975 Brown et al. ( , with updates in 1977 Brown et al. ( and 1986 , but if one now searches the web using the words 'seabird atlas' one will receive, currently, 229 000 entries (which would also likely include seabird colony catalogs). These atlases are essentially grids in which relative or absolute abundance of each species is shown relative to coastal and bathymetric features. The information for most of these atlases is contained in data bases that are readily available, and are now used, for instance, in assessments of oil spill impacts and are often updated (Appendix 1). A good example is Briggs et al. (1987) , which has since been repeatedly updated for a portion of the California coast where oil exploration is still active ). Consistent with the need for rapid assessment of damage during oil spills, surveys like those reported in the latter 2 publications are now mostly done by aircraft.
Those data, too, were used subsequently by NOAA (2008) for purposes of marine sanctuary management plans. Globally, there is presently an increasing effort to incorporate the distribution of seabirds at-sea into planning and the identification of candidate areas for consideration of Marine Protected Areas (MPAs) in coastal areas (e.g. Sala et al. 2002) , and at regional (Lombard et al. 2007 ) and ocean basin (Harris et al. 2007 , Trebilco et al. 2008 scales. In Europe, a coalition of researchers formed European Seabirds at Sea (ESAS), which combined the results of most European at-sea studies into 1 data base. This is accomplished in North American waters by contractors to NOAA (e.g. Compilation of Data At-Sea, CDAS). These data banks have been used in efforts to invoke ecosystem-based management in fisheries, in both Europe (International Council for the Exploration of the Sea, ICES, Working Group on Seabird Ecology) and less successfully in the Pacific (PICES); the majority of the ICES data, however, are colony based, which is not covered in the present review.
Perhaps most critically, it is important to note that these atlases provide valuable baseline historical data for current and future surveys, should they be repeated, to assess the predicted effects and unexpected consequences of climate change or other drivers on marine ecosystems.
(4) Attention to scale
The scale at which we perceive seabirds in the context of ocean features had been recognized from the beginning (e.g. Murphy 1936 ), but once hypothesis testing was introduced in seabird research (see next section) it had to be addressed specifically. In one of the first review papers, , following Schneider & Duffy (1985) , synthesized the ideas of scale in relation to the biology and physics of marine phenomena (Haury et al. 1978) as it applied to seabirds at-sea. In part recognizing the importance of scale came about in attempts to match bird patches with prey patches determined by acoustics (e.g. Schneider & Piatt 1986) . Various large data bases have since been useful in further applications of scale to seabird occurrence relative to ocean features (e.g. Ford et al. 2004 , Huettmann & Diamond 2006 . This path has not progressed much beyond the ideas discussed by . Advances in statistical techniques (discussed in the next section) have the potential for informing a deeper understanding of the role of scale in seabird-prey ecology (e.g. Logerwell et al. 1998 ).
(5) Statistics and controlling factors
Initial attempts to understand factors affecting seabird distributions related bird species occurrence to simple ocean features (SST and sea surface salinity [SSS]), not necessarily collected simultaneously (Brown et al. 1975 , Pocklington 1979 , Abrams & Griffiths 1981 . There was also the limitation of access to computers and the software to analyze the seabird data. In fact, some data compilations, such as those led by W. Bourne in the Northeast Atlantic in the 1970s, were never properly written up because of being overwhelmed by the 'too much data' problem (M. L. Tasker pers. comm.). The first computer taken to sea by D.G.A. and G. Divoky was fitted into a steamer trunk, having been made from a kit in L. Karl's garage; it accompanied those biologists on a cruise from Long Beach, California, USA, to McMurdo Station, Antarctica, in 1977, making the process of data entry much easier than all the coding of data sheets that went on previously. It did not take long for this advance to be overtaken by the continuing computer revolution: direct data entry from the ship's bridge (Updegraff & Hunt 1985) .
Then with the issue of scale being incorporated into analyses, and the development of ever more powerful (and smaller) computers, seabird researchers played a game of catch-up to the rapid evolution then underway in statistics, somewhat as follows, in a movement that increasingly emphasized community ecology (multi-species assemblages): (1) contingency tables were used (Haney 1986a), along with multivariate statistics (Ribic & Ainley 1988/89) , to look at how species assemblages use different water masses; (2) seabird densities relative to ocean properties began to be modeled, initially as a Gaussian function of SST (Abrams & Lutjeharms 1986); (3) correspondence analysis was used to model non-linear relationships between seabirds and physical oceanographic variables (Abrams & Underhill 1986); (4) cluster analysis and multivariate statistics were used to delineate latitudinal ocean features and multispecies assemblages (Ribic & Ainley 1988/89) . By the 1990s, continuing into the 2000s, spatial statistics came into use, including the use of spatial point patterns (O'Driscoll 1998) and spatial error structures in linear models (Ainley et al. 1998) . Advances in the linear model (e.g. generalized linear models) allowed the use of other error structures (beyond Gaussian) and incorporated nonlinear relationships beyond polynomial forms (e.g. generalized additive models; Woehler et al. 2001 ). Advances in model selection (e.g. Akaike's information criterion, Bayesian Information Criterion) allowed researchers to test competing non-nested models and move beyond reliance on p-values (Chapman et al. 2004) . Further development of computer power allowed even more sophisticated analyses to look for and understand occurrence of individuals and species assemblages relative mainly to physical features and to explore patterns in the data rather than relying on specified statistical models (e.g. classification and regression trees, . Computer-based techniques have developed whereby habitat models can be constructed to (reliably) fill in gaps of spatial coverage on the basis of species' correlations with specific habitat features (e.g. Raymond & Woehler 2003 , Nur et al. 2011 . For more examples of modern statistical techniques used in at-sea marine ornithology, see Tremblay et al. (2009) .
(6) Seabirds as part of the ecosystem
Seabirds finally attained the status of bona fide marine organisms (i.e. the respect of other marine biologists) when seabird biologists began to embed themselves into at-sea biological oceanography and fisheries projects. The first was Processes of the Bering Shelf (PROBES) in the 1980s, being also among the first investigations of seabirds and fronts. With such studies, it became apparent that the relationships of seabird at-sea distribution to seabird prey (e.g. type, abundance, patchiness), and not just physical features, were important (Hunt & Schneider 1981 , Kinder et al. 1983 ). Another, somewhat coincident investigation was RINGS, a study of Gulf Stream warmand cold-core rings, on which seabird researchers piggy-backed (Haney 1986a (Haney ,b,c, 1987 . These sorts of ecosystem efforts launched a search for seabird− prey associations, especially using acoustics to quantify the patchiness of prey usually with single seabird species in mind (e.g. Woodby 1984 , Obst 1985 , Piatt 1990 , Veit et al. 1993 , Mehlum et al. 1999 , Fauchald et al. 2000 . The study by Veit et al. (1993) is interesting when compared to that of Hunt et al. (1992) , who used the same prey data base but different correlates, and taken together presented somewhat confounding patterns of seabird occurrence near South Georgia colonies. At the least, these studies showed further, independent of scale, the complexity in dealing with seabirds and their supposed prey patches. The subject in fact has been taken even to being resolved by fractal analysis (Russell & Hunt 1992 )! An appreciation of seabirds as marine organisms, and their role in food webs, was finally achieved in the late 1980s when seabird biologists became active participants in multi-researcher investigations, playing a role in project and cruise design. The first was Antarctic Marine Ecosystem Research in the Ice Edge Zone (AMERIEZ), a multi-ship, multi-season, multi-investigator study of physics and biology of the Antarctic marginal ice zone. A seabird biologist was actually co-chair of the steering committee and chief scientist of one of the vessels, thus helping to direct the entire sampling effort. Much about the marine bio logy of seabirds was learned (e.g. Fraser & Ainley 1986 , Ainley et al. 1986 , 1992 , Rau et al. 1992 .
Coincident with that effort, though not one that is full-on multidisciplinary, Hunt and associates put together cruises in 1983 to 1986 that included zooplankton sampling using both acoustics and nets , and expanded the effort to include a physical oceanographer for cruises in 1991 and 1992 in the western Aleutians (see Hunt et al. 1998 ). This paper was slow to complete, but was successful in closely integrating birds, plankton, and physics at the same space and time scales (a precursor to Global Ocean Ecosystems Dynamics, GLOBEC, see below). This was followed by a National Marine Fisheries Service (NMFS) eastern tropical Pacific tuna−porpoise assessment program, again with seabird or top predator biologists playing a central role in planning, this time investigating the ecology of tuna and their associates (birds, mammals). The project related species densities to in situ and satellite-generated ocean properties, like chlorophyll (Ballance et al. 1997 (Ballance et al. , 2006 . Another multi-investigator example is Baseline Research on Oceano graphy, Krill, and the Environment (BROKE), which conducted an extended cruise to determine how ocean circulation off East Antarctica affected the occur rence of top predators and their prey (Nicol et al. 2000) .
Finally, with the passing of the 20th and arrival of the 21st century, the international program GLOBEC was formed to investigate some problematic fishery questions, specifically what happened to Atlantic cod Gadus morhua (study area is George's Bank); what happened to Pacific salmon Oncorhynchus spp. (study area is the northern California Current); and what happened to Antarctic krill Euphausia superba (study area is the western Antarctic Peninsula; www. globec. org; Hofmann et al. 2004 , Batchelder et al. 2005 ? GLOBEC sought to understand the dynamics of middle-trophic level species (coincidentally, seabird prey), in conjunction with temporal and spatial ocean variability, as key to learning why major fish stocks were changing. Seabirds (and marine mammals) were seen by this program as being fundamental to answering those questions, given their competition with or predation of these fish. Therefore, marine ornithologists were members of steering committees. By this time, the computer revolution that had aided the analysis of seabird (and other large) data sets, as well as adding remote sensing capabilities, had also led to the ability to collect biological and physical ocean data in real time, which could help to explain the occurrences of seabirds and their prey in a way never before imagined. This was accomplished through towed arrays (SeaSoar, Biomapper) having acoustics and other electronic sensors to quantify in a continuous fashion such variables as chlorophyll and its depth maximum, SST, SSS, thermocline and pycno cline depth, and dynamic height, as well as biomasses of fish and invertebrates among several size classes. Given that all data were continuously collected, any scale of variation could be investigated at least through the meso-scale. The current effort involves the construction of 'end-toend' food-web models, in which one back-calculates trophic connections starting at the top of the food web. A number of publications to date have resulted, showing that, indeed, seabirds and large fish, both being mesopredators, interact in important ways that help to structure the food webs of which they are a part (Chapman et al. 2004 , Ainley et al. 2005 , 2009 , Ribic et al. 2008 , Ainley & Hyrenbach 2010 .
THE FUTURE
As noted by Tremblay et al. (2009) , studies of seabirds' interactions with the oceans have recently been evolving from Eulerian (grid-like) to Lagrangian (particle-like) as researchers in increasing numbers turn to the wonders of electronic miniaturization to investigate seabird movements both over and within the sea in the context of variables easily quantified spatially by remote sensing (e.g. SST, chlorophyll, sea level height, sea ice cover). The grid-like and ecosystem studies, such as AMERIEZ and GLOBEC, provided validation for the collection of these variables via remote sensing to explain seabird occurrence. Actually, though, what has been happening is that marine ornithology is reverting to its initial roots of investigating the autecology of individual species, but with much more sophistication and detail and over every possible scale. The much steeper ascent in the numbers of marine-related papers in the broader community compared to our own effort of direct atsea effort (see Tremblay et al. 2009 ) bespeaks the rise in the use of high-technology in the seabird field, in a sense beginning to overwhelm at-sea research.
Most remotely-sensed data are at relatively coarse spatial and temporal scales, which may prevent the sensing technology from detecting features of interest to foraging birds. The latter are likely to be operating at much finer scales. However, this coarseness can work for at-sea studies by reducing the complexity of the habitat for researchers, and may be particularly useful for our understanding of species that cross ocean basins where we cannot integrate the environmental heterogeneity at such large spatial and temporal scales. It is the balance between environmental heterogeneity and 'homogeneity' that is critical for analyses (e.g. Shaffer et al. 2006 , Raymond et al. 2010 . Fundamentally it boils down to what biological questions are being investigated. Being explicit about scale in the development of the questions (e.g. conceptual models) may help determine what might actually be reasonable to try to answer as well as what tools might be useful (e.g. remotelysensed data or not). There is a need for both approaches -the coarse, top-down approach that provides a context or framework and understanding of the detailed, fine-scale data obtained from instrumented birds. We can undertake research using either approach, but integration of the 2 is the key to further developing a full appreciation of the interaction of seabirds and the marine environment.
As it is, atlas-type seabird data (Eulerian) are being applied in the identification of major seabird 'hotspots.' This information will be invaluable for identifying and supporting stretches of the ocean that should be designated as MPAs (Harris et al. 2007) or managing human activities in other ways (e.g. NOAA 2008). Such data are especially valuable when combined with Lagrangian data to identify true foraging areas, separating foraging from commuting individuals (e.g. Ballard et al. 2011) .
Unfortunately, the use of remotely-sensed ocean variables is also once again diverting our efforts away from placing seabirds in the ocean as important members of multispecies communities and important players in food-web structuring. While the Lagrangian approach has been invaluable in addressing problems related to single, often special-status species (the source of funding) or special scenarios (e.g. bycatch), it is getting away from an ecosystem perspective, which is needed for application of ecosystembased management of marine resources. Whether the pieces can be put together some day remains to be seen (see below). Only a few studies, such as those by Grémillet et al. (2008) , Takahashi et al. (2008 ), or Pichegru et al. (2010 , have matched satellite tracking with the assessment of prey distribution, but even in those cases, too, we are dealing with single seabird species devoid of any interactions with other predators, competitors, or facilitators in the ocean.
Remaining for the future are efforts that combine Eulerian and Lagrangian strategies, thus, to reveal the 3-dimensional (3D) spatial use by predatory fish, seabirds and marine mammals, as interacting species, within a well quantified 3D prey field. In other words, a GLOBEC-type study in which the main bird, mammal, and fish predators are being tracked within a well quantified and varying distribution of prey, i.e. the ultimate study of marine predator−prey patch use. In that way the competition and facilitation that is part of these predators' exploitation strategies can be revealed (see Ainley et al. 2005 Ainley et al. , 2009 ). On the other hand, time may be drawing short to undertake such projects as ship costs rise, and oceanographers, themselves enamored by the electronic revolution, resort more and more to autosubs and sea gliders to understand physical and biotic variability in the ocean. On such ocean-going vehicles, which can stay deployed for months and thus are ideal for oceano graphers' purposes, no room exists for seabird sighting. 
